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Abstract. A crucial question of the scientiﬁc community
nowadays, concerns the existence of electric signals preced-
ing earthquakes. In order to give a plausible answer to this
question, we carried out two kinds of laboratory experiments
of uniaxial deformation of ionic crystals and rock samples:
a) In the ﬁrst kind, stress induced polarization currents are
detected and recorded. Our experimental results showed not
only the existence of stress induced polarization currents be-
fore the fracture of the samples, but the possibility of the
propagation of these signals, as well, through conductive
channels, for distances much longer than the source dimen-
sions. b) In the second, acoustic and electromagnetic signals
are detected and recorded in the frequency range from 1KHz
to some MHz. The mechanism of generation of these signals
is shown to be different for those emitted from piezoelectric
and from non-piezoelectric materials.
A plausible model is also suggested, on the compatibility
of our laboratory results with the processes occurring in the
earth during the earthquake preparatory stage.
1 Introduction
Disturbances of the earth’s electromagnetic ﬁeld, in various
frequency bands, associated with imminent earthquakes are
reported.
A laboratory veriﬁcation concerning the existence and the
propagation capability of such signals was considered nec-
essary. Enough cases of laboratory experiments are reported
in the literature (Enomoto and Hasimoto, 1990; Hadjicon-
tis and Mavromatou, 1994; Freund, 2002; Khatiashvili and
Perelman, 1989; Mogi, 1962; Nitsan, 1977; Ogawa et al.,
1985; Yamada et al., 1982; Warwick, 1982). Although vari-
ous aspects, that satisfactorily explain the generation mech-
anisms of an earthquake, have been suggested so far, it can-
not be maintained that the special conditions and processes
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that prevail during the earthquake preparation stage are com-
pletely clariﬁed. However, from the physical point of view, it
is obligatory that the stress variations in the focal area should
follow the next procedure before the main shock: The stress
gradually increases, (static frictional stress), until it reaches
a critical maximum value (unstable situation) resulting to the
microfracturing unstable situation. During this stage, mi-
crofracturing acceleration occurs and intense acoustic and
electromagnetic emission is detected, which becomes even
more intense as the ﬁnal failure is approached. This critical
phenomenon lasts for a certain time and leads to the fracture
followed by the stress dropping abruptly. New discoveries
suggested that a microfracturing process evolution might dis-
play criticality or self-organized criticality (Chunshenk et al.,
1999; Garmen et al., 2001; Garshimartin et al., 1997; Kapiris
et al., 2003; Varotsos et al., 2002).
In the present work, we carried out experiments of uni-
axial compression of dry granite samples and ionic crystals
LiF, with high electric resistivity. Some of the samples, as
granite, include piezoelectric material, and some others do
not have piezoelectric properties, as the ionic crystals (LiF).
In the ﬁrst part of this paper the laboratory experiments lead-
ing to the detection of stress induced polarization currents are
presented, whileinthesecondpart, thelab.experimentslead-
ing to the detection of acoustic and electromagnetic emission
are displayed.
2 Stress induced polarization currents
Concerning the detection of stress induced polarization cur-
rents, the experimental apparatus consists of the uniaxial
compression loading machine and a system for the electric
measurements (Fig. 1). The electric signals emitted by a
compressed sample can be detected via a probing electrode E
which is a copper plate with dimensions 1×1cm2, grounded
through a resistance R of the order of some tens M. This
probing electrode E is placed in parallel and very close to
the sample’s surface (at ≈0.5mm), and has effective capacity634 V. Hadjicontis et al.: Stress induced polarization currents and electromagnetic emission
Fig. 1. Experimental conﬁguration, for the detection of stress induced polarization currents, emitted during the uniaxial compression of the
crystalline samples and prior to their fracture.
Fig. 2. Stress induced polarization currents from LiF detected via a
probing electrode placed close to the sample. Note the threshold at
the stress curve for the initiation of the signal emission.
with respect to the ground. The sample’s dimensions are ap-
proximately 2×2×3cm3. Due to the electrostatic nature of
the potential measurements a single ended electrometer am-
pliﬁer with high input resistance (≈1013) was connected
with the probing electrode E. The variations of the mechani-
cal load are measured by a load-cell, with its own ampliﬁer.
The output of the electrometer ampliﬁer and the load cell
are simultaneously recorded by the memory recorder HIOKI
8185. It should be mentioned that the entire experimental
setup as well as the manipulator are in an earthed shielded
room (Faraday cage), made of copper foil, in order to elim-
inate the electric noise. For the same reason, the loading
machine is hand operated and not motorized.
During the experiment, the following manipulations were
followed: The externally applied mechanical load increases,
with approximately constant rate, from an initial value to a
ﬁnal one. Care must be provided so that the ﬁnal stress value
does not exceed the critical one when the microfracturing
process starts. During the stress changes, and because of the
variations of the sample’s polarization, transient currents are
detected. A representative example concerning the detection
of stress induced polarization currents from LiF via an elec-
trode placed very close to the sample is depicted in Fig. 2.
The experimental conﬁguration shown in Fig. 1 could help us
understanding the origin of stress induced polarization cur-
rents. As the stress changes, charge separation occurs in the
bulk of the high resistivity dielectric sample, resulting in the
macroscopic polarization of the sample and thus in the vari-
ation of the electric ﬁeld around the sample. Consequently
the potential of the probing electrode E temporarily changes
(with reference to the ground). In order to compensate this
potential difference, between the electrode E and the ground,
charges ﬂow from the earth towards the electrode or vice-
versa, throughtheresistanceR.Thistransientphenomenonis
characterized by a relaxation time which depends on R. The
range of the R values (some tens of M, substantially lower
than that of the imput resistance of the electrometer ampliﬁer
1013) is carefully selected so as the aforementioned relax-
ation time is comparable to the rate of the stress changes. It
should be mentioned that the recombination rate of the sam-
ple’s separated charges is clearly larger than the stress vari-
ations rate. As far as the origin of the sample’s electric po-
larization (due to the stress variations) is concerned, it could
be attributed either to the well known piezoelectric effect, if
thesamplehaspiezoelectricproperties(granite, quartzite), or
to the movements of segments of charged dislocations with
respect to their compensating Debye-H¨ uckel cloud of point
defects, if the sample is not piezoelectric, (pure LiF) (Hadji-
contis and Mavromatou, 1994). We must take under consid-
eration that the stress ﬁeld within the sample is inhomoge-
neous.
We repeated the experiment by placing a copper plate,
serving as electrode, at some distance from the sample, e.g.
80cm, in the air, and found no signal. In order to check
the possibility of using a coupling media which could serve
as wave guide, we repeated the experiment by placing a
limestone rod with 80cm length, in conditions of ambientV. Hadjicontis et al.: Stress induced polarization currents and electromagnetic emission 635
Fig. 3. Stress induced polarization currents recorded simultane-
ously via the probing electrode which is close to the compressed
granite sample, (curve1), and via the electrode painted with con-
ductive paint on the limestone rod (curve 2). Curve 3 depicts the
mechanical load exerted on the sample and curve 4 depicts the ﬁrst
time derivative of the mechanical load.
humidity. (The same experiment was repeated with rods
made of various kinds of rocks). As shown in Fig. 1, one
end of the rod is very close to the compressed sample, (a
granite sample), and on the other end an electrode is painted
with silver paint. Stress induced polarization currents can be
detected by the far end electrode, as depicted in Fig. 3. The
experimentalresultsdepictedinFig.3leadtotheconclusions
below:
1. The two signals are very similar in the form but they (in
general) differ in amplitude.
2. The electric signals follow the ﬁrst time derivative of the
stress variations.
3. The higher frequency variations appearing in the stress
derivative, and therefore to the electric signals, can be
attributed to the stress ﬂuctuations due to the inhomo-
geneities of the sample’s structure.
The rock rod is the medium through which the electromag-
netic coupling is achieved, so as the signals are induced and
can be detected far from the sample. It acts as a conduc-
tive channel through which the disturbances stimulated by
the stress variations on the compressed sample are induced.
The induction mechanism, which is responsible for the chan-
neling of the potential disturbances, could be possibly at-
tributed to the diffusion of charges in the bulk of the rod,
due to the electrolytic conductivity. The presence of humid-
ity and therefore the presence of mobile ion charge carriers,
Fig. 4. A pattern for the propagation of the stress induced polariza-
tion currents through the earth’s crust.
should be taken under consideration. On the contrary, if the
rod becomes completely dry, experiments showed that the
induced electric currents cannot propagate).
The aforementioned experimental results indicate that,
when a high resistivity dielectric material undergoes stress
variations prior to its fracture, the stimulated transient polar-
ization currents (of the order of some nA/cm2), can be also
measured at a distance of many times longer than the sam-
ple’s dimensions after being propagated through the coupling
of a suitable rock channel.
At this point a crucial question arises: Can the tectonic
processes that precede earthquakes induce on the earth’s sur-
face such electric signals before earthquakes?
Electriﬁcation phenomena similar to those observed dur-
ing the laboratory experiments possibly occur, in a large
scale, in the earth’s lithosphere, during the earthquake’s
preparation process. In the depth of some tens of km, where
the hypocenters of the shallow earthquakes occur, the litho-
sphere is supposed to consist of crystalline rock mass, hav-
ing dielectric properties. During the stress changes on the
focal area, and prior to fracture (in other words prior to
earthquake) extended charge separation occurs in the dielec-
tric crystalline block, and hence local electric ﬁelds are pro-
duced. Due to the fact that the stress has a preferential orien-
tation, in tectonic processes, the superposition of local ﬁelds
gives rise to an electric ﬁeld in a macroscopic scale. The
potential disturbances, resulting from this large scale polar-
ization, stimulates perturbation of charges in more conduc-
tive rocks close to the focal area, being formerly in electro-
static balance. This charge perturbation propagates through
conductive paths, connecting the focal area with the earth’s
surface, and can disturb the electrostatic balance of the free
charges, which are distributed in the earth’s conductive sur-
face layer. During the redistribution of the surface charges of
the earth, transient electric currents ﬂow in “sensitive” parts
of the earth’s surface. Figure 4 depicts an approximation of
the aforementioned model.636 V. Hadjicontis et al.: Stress induced polarization currents and electromagnetic emission
Fig. 5. Compression of a non-irradiated LiF crystal. Upper: A
time series of electromagnetic emission Middle: A time series of
acoustic emission Lower: Stress variations, till the ﬁnal failure of
the LiF sample.
3 Acoustic and electromagnetic emission
Concerning the detection of acoustic and electromagnetic
emission an appropriate experimental set-up has been de-
veloped, consisting of two parts: one for low sampling rate
recordings and one for high sampling rate recordings (up to
10Msamples /sec) (Ninos et al., 2004).
The most important results as far as the acoustic and elec-
tromagnetic emission are concerned, are the following:
1. During the sample’s compression and till its ﬁnal fail-
ure, acoustic and electromagnetic time-series are de-
tected (with low sampling rate). Figures 5 and 6. The
Fig. 6. Part of a time series for electromagnetic (upper) and acoustic
(lower) emission for a granite sample.
Fig. 7. A microcracking event stimulates electric and elastic damp-
ing oscillations in a granite sample, due to the piezoelectric effect.
(upper): Electric oscillation deriving from an individual microc-
rack. (lower): Elastic oscillation (acoustic emission) deriving from
an individual microcrack.
frequency band of these signals is in the range of 1KHz
to some MHz.
2. Using a transient recorder and after appropriate trig-
gering, individual acoustic and electromagnetic events
of very short duration were captured and recorded,
in a high sampling rate, corresponding to the sameV. Hadjicontis et al.: Stress induced polarization currents and electromagnetic emission 637
Fig. 8. Microfaulting event in compressed LiF crystal (non-
piezoelectricmaterial). (upper): Theemittedelectromagneticpulse.
(lower): The corresponding elastic wave deriving from the elastic
energy release. Note the time delay for the onset of the two events.
microfracture event. This is shown in Fig. 7 for granite,
and in Fig. 8 for LiF. The results shown in the aforemen-
tioned ﬁgures reveal that the mechanisms to which the
emission of the electromagnetic signals can be possibly
attributed to, are different for LiF and granite.
(a) Granite is a complex material containing quartz in-
clusions, which is a well known piezoelectric mate-
rial. The quartz grains are connected among each
other with a non piezoelectric and not so brittle
material. When the stress exceeds a certain value
of strength, then in the not so brittle material that
surrounds the quartz grains microfracturing events
occur. The elastic waves originating from the mi-
crofracturingprocessstimulatedampingelectricvi-
brations of the quartz grains, which are polarized
due to high stress. The frequencies of the emit-
ted signals correspond to the normal modes of the
quartz grains. Figure 7 depicts this experimental
result for a granite sample.
(b) LiF is not a piezoelectric material. Upon deforma-
tion, and after the piling up of moving segments
of charged dislocation and the resulting hardening,
microcracks are formatted, which bear two freshly
cut charged surfaces. The abrupt acceleration of the
Fig. 9. Compression of a LiF crystal irradiated with Co60, (dose
6Mrad) (Upper): The electromagnetic emission substantially de-
creased. (middle): The acoustic emission remains strong. (lower):
Stress variations from the beginning of the compression till the ﬁnal
failure.
charge dipole moment due to the dynamical situa-
tion of microcrack opening, results in an electro-
magnetic pulse emission. The corresponding elas-
tic wave derives from the sudden release of the elas-
tic energy during a microcrack opening. It is de-
tected with a delay in its arrival time (in reference
to the EM pulse) due to the different propagation
velocities. Figure 8 depicts this experimental re-
sult. It is interesting to see that in Fig. 8 the gen-
erated mechanical wave consists of different modes
corresponding to transversal and longitudinal vol-
ume waves and surface waves with different prop-
agation velocities and hence with different arrival638 V. Hadjicontis et al.: Stress induced polarization currents and electromagnetic emission
Fig. 10. Stress versus time on a surface of a propagating shear frac-
ture in the focal area according to Kasahara (page 139, 1981).
times (Kulhanek, 1990). The elastic wave emitted
from a microfaulting looks like a minor quake in
the sample’s bulk.
As a conclusion we can say that the mechanism for the emis-
sion of electromagnetic disturbances for LiF, is different that
that for granite containing piezomaterial. In order to sup-
port this hypothesis, we carried out the following experi-
ment: We irradiated LiF crystals with Co 60 with irradia-
tion doses up to 10Mrad. These γ-irradiated crystals were
then compressed and we found out that the electromagnetic
emission was drastically decreased, during the various stages
of compression, until close to the ﬁnal failure. On the con-
trary, acoustic emission remains strong. This is shown in
Fig. 9, for irradiation dose 6Mrad. Furthermore, as the irra-
diation dose increases, the electromagnetic emission drasti-
cally decreases. The aforementioned laboratory result is at-
tributed to the creation of F-centers after irradiation (Nadeau,
1962) which trap the electric charges created on the fresh
microcrack surfaces. Our experiments with irradiated gran-
ite samples showed that the aforementioned experimental re-
sult does not hold for the piezoelectric materials, as granite.
Therefore we conclude that the mechanism for the emission
of electromagnetic pulses from ionic crystals is different than
the mechanism for the emission of electromagnetic pulses
from piezoelectric materials.
4 Concluding remarks
In order to investigate the compatibility of our experimental
results with the processes occurring in the earth during the
earthquake preparatory stage, we should carefully consider
Figs. 4 and 10 in conjunction. Let us consider a fault ter-
minating on an unruptured basement rock F, as depicts the
pattern in Fig. 4, through which the fault will further prop-
agate, after being activated. During the preparation of an
earthquake (associated to faulting), two stages can be distin-
guished: a) The shear stress on the unruptured rock mass in-
creases (d2σ/dt2>0) but the opposite fault sides do not move
yet (static friction) (Fig. 10, left). In this stage, according
to our experimental results, suitable conditions exist for the
emission of stress induced polarization currents. b) When
the stress on the unpuptured basement rock reaches the yield
point, the microfracturing process starts. This process con-
secutively leads to the critical situation of fragmentation and
failure of the focal area F. This is a suitable condition for
the initiation of the EM emission, which becomes stronger
as approaching total failure, (Fig. 10, right).
Once the fragmentation and total failure of the F area is
completed, the EM emission stops, the “breaks” that keep
the two opposite parts of the fault cease, therefore the two
chunks slide past each other. This might explain the fact that
during the sliding (earthquake) no EM emission is observed.
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